Tests on Full-scale Roofing Systems by Moore, D. B.
Missouri University of Science and Technology 
Scholars' Mine 
International Specialty Conference on Cold-
Formed Steel Structures 
(1992) - 11th International Specialty Conference 
on Cold-Formed Steel Structures 
Oct 20th, 12:00 AM 
Tests on Full-scale Roofing Systems 
D. B. Moore 
Follow this and additional works at: https://scholarsmine.mst.edu/isccss 
 Part of the Structural Engineering Commons 
Recommended Citation 
Moore, D. B., "Tests on Full-scale Roofing Systems" (1992). International Specialty Conference on Cold-
Formed Steel Structures. 5. 
https://scholarsmine.mst.edu/isccss/11iccfss/11iccfss-session3/5 
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been 
accepted for inclusion in International Specialty Conference on Cold-Formed Steel Structures by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 
reproduction for redistribution requires the permission of the copyright holder. For more information, please 
contact scholarsmine@mst.edu. 
Eleventh International Specialty Conference on Cold·Formed Steel Structures 
St. Louis, Missouri, U.S.A., October 20-21, 1992 
TESTS ON FULL-SCALE ROOFING SYSTEMS 
by D B Moore1 
SUMMARY 
This report details an experimental investigation on three full-scale, cold-
formed steel roofing systems. The test programme included both uniformly and 
variably distributed loadings representative of drifting snow. Comparisons 
between the performance of each roof subject to these distributions are made 
and recommendations for the design of roofs loaded with variably distributed 
loads are presented. Finally observations on the tests to failure are 
discussed. 
I. INTRODUCTION 
During the winter of 1981/1982 heavy falls of snow accompanied by strong winds 
resulted in damage to a number of light-gauge steel roofs within the UK. A 
review of these failures indicated that in many cases the snow load on some 
parts of the roof, particularly those areas close to parapets, was 
considerably higher and of a different distribution than is currently 
specified in the British Standard code of practice for loading [1]. This 
review also indicated that although the failures were principally due to 
excessive snow load the stability of light-gauge steel roofs was questionable 
under the loading distributions observed. 
As a result of these failures the Building Research Establishment, in 
collaboration with the purlin group of the Cold Rolled Sections Association 
(CSRA) , proposed a preliminary programme of research to investigate the 
performance of representative light-gauge steel roofs under variably 
distributed loads. 
This paper details the tests carried out on three different purlin roofing 
systems. The test programme included loading each roof with uniformly and 
variably distributed loads, long-term load tests and a test to failure using 
a variably distributed load. The performance of each roof under both 
uniformly and variably distributed loads is compared and recommendations for 
design of roofs subject to variably distributed loading proposed. Finally, 
observations on the test to failure are discussed. 
2. INITIAL CONSIDERATIONS 
2.1 CHOICE OF ROOF SYSTEM 
There are many proprietary cold formed steel roofing systems available within 
the UK and this number can be further increased if the designer combines 
purlins and sheeting from different manufacturers. For these reasons it was 
necessary, at the start, to limit this investigation to the more commonly used 
combinations of purlin, purlin connectors and sheeting. 
Although there are many roofing systems in the UK effectively only three cold 
formed steel purlin sections are used; the zed, zeta and sigma. For all 




types of sections the purlins usually form long runs of members over the 
supporting frames. For practical considerations, however, continuity over the 
full purlin length cannot be achieved and a number of connections are 
required. Various proprietary connections are available offering different 
amounts of continuity. These are the simple, single span sleeve, double span 
sleeve and overlap systems. In each case the connections are staggered 
between adjacent rows of purlin to achieve an even distribution of load to the 
supporting frames. Of these systems the double span sleeve system is the most 
frequently used. 
The roof covering has a strong influence on the performance of the purlins and 
again many different forms are available. The most commonly used is the 
trapezoidal profiled steel sheet. This is usually attached to the purlins 
with self-drill, self-tap screws. Thermal insulation can be used with this 
type of sheeting and is located between the purlin and the underside of the 
sheeting. This may reduce the restraining action of the sheeting on the 
purlin but is not considered in this investigation. 
The slope of the roof also influences the behaviour of the purlin sheeting 
system; currently common practice is to construct roofs with slopes of about 
10°. 
From the above and from discussions with CSRA, it is concluded that a double 
span sleeve system with trapezoidal profiled sheeting and a 10° slope 
represents a typical cold formed steel roofing system and that this can be 
used with anyone of zed, zeta or sigma purlin sections. 
2.2 LAYOUT AND OVERALL DIMENSIONS 
The general layout and overall dimensions of the roof section to be tested 
were determined from a compromise between the following conflicting 
requirements: 
a. Full-scale testing to avoid the scaling problems associated with 
cold working and connection details. 
b. Provision of sufficient number of bays to achieve a reasonable 
representation of the partial continuity afforded by a double 
span sleeved system 
c. Available laboratory facilities. 
The fulfilment of requirement (a) was considered essential to give credibility 
to the experimental results. To satisfy requirement (b) a minimum of five 
bays each with three purlins are needed. The laboratory space available (15m* 
13m) restricted the roof to three bays each 4572mm long with three purlins at 
1500mm centres. While it is appreciated that this number of bays will not 
give a true representation of a sleeved system and that the bay size is the 
smallest used in practice it was still considered to be a reasonable 
representation of a practical roofing system. 
3. DESIGN 
A general layout of the roof and purlin identification system is shown in 
Figure 1. A view of the roof and its supporting structure are shown in 
Figures 2b and 2a. 'rhe supporting frames were constructed from 254*146*37kg/m 
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universal beams and 152*152*23kg/m universal columns and were specifically 
designed to have a considerably greater stiffness than that of the roof. 
For each of the. three roof systems tested the purlins and sheeting were 
selected using the manufacturer's safe load tables [2,3,4]. The size of the 
purlin and sheeting chosen for each system and their corresponding working and 
design loads are given in Table 1. 
4. FABRICATION AND ERECTION 
Fabrication of the supporting frames was to normal engineering tolerances and 
usual engineering procedures were adopted during erection. Each frame was 
fixed to the laboratory floor, as shown in Figure 2b. After erection the 
supporting structure was levelled by raising each of the column bases to a 
common height. 
The manufacturer's recommendations were adopted for the erection and fixing 
of both the purlins and sheeting. The sleeved connections were staggered as 
shown in Figure 1 and the sheeting connected to the purlins with 1.4 Teks, 
self-drill, self-tap screws. 
5. LOADING AND INSTRUMENTATION 
Dead weight applied at forty-eight independent points was used to load the 
roof. with this scheme it is possible to simulate uniformly and variably 
distributed loads in either the longitudinal or the transverse directions. 
The load was applied in available combinations of weights (5.5kg, 9.5kg, 19k9 
and 45.5kg) to each hanger and transferred to the sheeting by a 380*380*25mm 
thick plywood spreader board. To prevent premature buckling of the sheeting 
under the load spreaders, supplementary tests to BS 5427 [5] were undertaken 
on the sheeting to determine the optimum area of load spreader. 
The translations and rotations of each purlin were measured at mid-span; the 
former in both parallel and perpendicular directions to the roof slope. 
Transducers capable of measuring displacements up to 100mm with an accuracy 
of O.Olmm were used to record the translations. To prevent the transducers 
being damaged, they were positioned away from the purlin and the movements of 
the purlin transferred to them via a steel bar rigidly connected to the 
purlin. Contact between the transducers and steel bar over the full range of 
displacements was maintained by fitting an aluminium bar bent at right angles 
to each transducer. Details of this arrangement are shown in Figure 3. 
Accelerometers, rigidly mounted on the web of each purlin, were used to detect 
rotation. These instruments can measure angles up to 90 0 with an accuracy of 
0.010 . 
A geometrical complication arises when displacements are measured at points 
which both translate and rotate. Consider the cross-section shown in Figure 
4, which illustrates the positioning and directions of the two transducers 
used to measure displacement. The movements of the cross-section are defined 
by the translations U, V and the rotation p of the shear centre. Assuming the 
rotations to be small the displacements measured at the transducer positions, 
Urn and Vrn are related to the true displacements of the shear centre by the 
following' equations: 
Vrn V - Px1 X ~ 




Thus by rearranging these equations the true movements of the section can be 
readily deduced from the measured displacements. 
The readings from each transducer and accelerometer were recorded by a 
Solartron Orion data logging system and stored on magnetic tape. The logger 
was also programmed to display the readings of particular interest so that the 
performance of the roof could be monitored as the test proceeded. 
6. TEST PROGRAMME 
Traditionally manufacturer's safe load tables are used to select cold formed 
steel roofing systems and in most cases these are based on either test data 
or the simplified design rules given in BS 449 Addendum No 1 [6]. Both these 
methods assume the load is uniformly distributed over the roof. In practice, 
however, snow can build-up behind parapets and in valleys, loading roofs with 
variably distributed loads. It is therefore pertinent to investigate the 
performance of traditionally designed systems when subject to these loading 
conditions. Using BRE Digest 332 [7] as a guide the following practical 
loading distributions were identified: 
a) Uniformly distributed load (u.d.l.) over the complete structure. 
b) Transverse variably distributed load (v.d.l.) over the complete 
structure. 
c) Uniformly distributed load (u.d.l.) over the end-bay only. 
d) Longitudinal variably distributed load (v.d.l.) over the end-bay only. 
Load case (b) simulates the build-up of snow either behind a parapet at the 
eaves or in the valley between multi-bay pitched roofs, while case (d) 
simulates the build-up of snow behind a gable end parapet. The uniformly 
distributed load cases (a) and (c) are included as a standard against which 
the performance of the roof subject to cases (b) and (d) can be compared. 
When the distributions for load cases (b) and (d) were chosen it was 
appreciated that the size of the test structure prohibited the strict use of 
the recommended distributions given in BRE Digest 332. However, to keep the 
loading as realistic as possible, triangular distributions were adopted but, 
because of the reduced length of roof over which they are distributed, they 
represent more severe loading cases than those considered in the Digest. 
For case (b) the intensity of the load is largest along purlin i-I and zero 
along purlin a-d while for case (d) the load intensity is largest along edge 
d-l and zero along the internal support c-k. These idealized distributions 
are shown in Figure 5. 
The test programme consisted of the following four phases: 
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phase 1:- working load tests 
At this stage it was considered essential to keep the loads within the working 
load of the roof so that any comparison between distributions would not 
include the non-linearities resulting from yielding or buckling of the 
structure. 
The four loading cases identified previously were applied to the roof and in 
each case the load was incremented until working load (as defined by the 
manufacturer's safe load tables) was attained. After each load increment the 
displacements and rotations of each purlin were recorded. 
phase 2:- design load tests 
The purpose of these tests was to determine the strength of the roofing system 
under the different loading distributions and identify the most critical 
loading distribution. 
Loading cases (a), (c) and (dl were applied individually to each roof and in 
each case the load was incremented until design load was attained. 
phase 3:- test to failure 
Each roof was subjected to loading case (bl and the loads applied in equal 
increments until each roof failed. The displacements and rotations were 
recorded after each increment. 
7. DISCUSSION OF RESULTS 
7.1 Working load tests 
7.1.1 Comparison of u.d.l. with transverse v.d.l. 
Figures 6, 7 and 8 show typical load-displacement characteristics for the zed, 
zeta and sigma roofing systems respectively subject to load cases (a) and (bl. 
Also shown in Figure 8 is the purlin identification nomenclature. The 
response of each of the three roofs is seen to vary in an approximately linear 
fashion up to working load indicating that for both load cases the behaviour 
of each roof was completely elastic. As expected for each roof the 
displacements of purlins a-d and i-I for load case (al are similar while for 
load case (b) those of purlin a-d are approximately one quarter those of 
purlin i-I. Furthermore for both load cases the maximum displacements occur 
in purlin g-h and are of similar magnitude. From this observation it is 
tentatively suggested that a reasonable estimation of the maximum displacement 
at working load for a transverse variably distributed load can be obtained by 
considering the roof to be loaded with an equivalent uniformly distributed 
load. 
7.1.2 Comparison of u.d.l. with longitudinal v.d.l. 
Figures 9, 10 and 11 show the load displacement characteristics for the zed, 
zeta and sigma roofing systems respectively for load cases (c) and (d). Once 
again all the displacements are seen to vary in a linear manner up to working 
load; moreover, the magnitude and distribution of these displacements are 
similar for both load cases. Again this suggests that a reasonable estimate 
for both the size and distribution of displacement for load case (d) can be 
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obtained by replacing the longitudinal v.d.l. with the same total load 
distributed uniformly. In making this recommendation, it is appreciated that 
the transducers were not positioned at the point of maximum displacement for 
load case (d). However, the difference between the true maximum and the 
measured maximum is small and will not invalidate this _recommendation. 
7.2 Design load tests 
7.2.1 Comparison of u.d.l. with transverse v.d.l. 
The load-displacement characteristics from working load to design load (1.7* 
working load) for each roof are shown in Figures 6, 7 and 8. Just after 
working load has been applied curling of the compression flange at an internal 
support occurred for both the zed and zeta roofing systems. On increasing the 
load both structures exhibited pseudo-plastic behaviour but continued to carry 
the load in a stable manner. 
7.2.2 Comparison of u.d.l. with longitudinal v.d.l. 
Figures 9, 10 and 11 show the load displacement characteristics for each roof 
up to design load. After working load these displacements continue to 
demonstrate linear behaviour indicating that the behaviour of each roof is 
completely elastic up to full design load. Again there is little difference 
between the displacements for each load case. These observations reinforce 
the supposition that there is little difference between the performance of 
each roof subject to load case (c) and (d). Furthermore, under these load 
conditions no local buckling or distress of any roof was observed. Thus it 
is concluded that the strength of each roof should be derived from the 
performance of each roof under either load case (a) or (b). However, load 
cases (c) and (d) give the largest deflections at working load, so if the 
deflections at serviceability are important they should be determined using 
these load cases. 
7.3 Tests to failure 
All three roofing systems were loaded until failure of one of the purlins was 
obtained. Table 2 summarises the failure loads for each of the roofing 
systems. In each case the failure load is simply the total load applied to 
each roof. Failure typically manifested itself as curling of the purlin 
compression flange at internal support 'f'. This occurred at load levels 
varying from 0.7* working load to 1.22* working load. Figure 12 shows curling 
of the compression flange at support 'f' for the sigma purlin system. On 
increasing the load all three roofs exhibited pseudo-plastic behaviour and 
continued to carry the load in a stable manner. 
With further loading, local buckling of purlin i-j was observed. At this 
point the deformations of each system were such that they rested on the 
supporting frame and the tests were stopped. Figure 13 shows local buckling 
of purlin i-j for the sigma purlin system. 
Table 2 compares the manufacturer's design loads, which are based on uniformly 
distributed loads, with the experimentally determined failure load for 
transverse variably distributed loads. In all the cases considered the 
manufacturer's design loads give conservative results with safety margins 
varying from 1.21 to 1.32. 
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8. CONCLUSIONS 
Loading tests have been carried out on three full-scale cold-formed steel 
roofing systems. Each roof was clad with trapezoidal profile sheet and had 
a 10 0 pitch. The test programme included the application of both uniformly 
and variably distributed loads up to working load and design load. The 
v.d.l.'s were representative of drifting snow on roofs. The conclusions and 
recommendations are summarised as follows: 
(al For the determination of the maximum displacement normal to the 
roof a variably distributed load can be replaced by an equivalent 
uniformly distributed load. 
(bl A longitudinal v.d.l. should be used to determine the 
displacements at serviceability while a transverse v.d.l. should 
be used to determine strength. 
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Size Working Design 
(DxBxT) Load Load 
(kN/m2 ) (kN/m2 ) 
140x50x1.6 1.16 1.97 
125x60x1. 6 1. 02 1. 73 
140x70x1. 6 1. 40 2.38 
A1000 3.28 5.58 
Summary of purlin and sheeting dimensions and loading 
Manufacturer's Experimental 
Design Load (PM) Capacity (PE) PE/PM (kN) (kN) 
81.0 97.8 1.21 
71.2 94.0 1.32 
98.0 126.7 1.29 
Correlation between manufacturer's and experimental capacity 







































































































































































































































































































































































Fig.2a: General view of the supporting structure 














Figure 4 Transducer positions 
Undisplaced 
section 
a. Case (b): build up of snow behind an eaves parapet or in a valley 
b. Case (d): build up of snow behind gable end parapet 
Figure 5 Idealised load distributions representing drifting snow on roofs 
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Figure 6 Load displacement characteristics for Zed purlin system 
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Figure 7 Load displacement characteristics for Zeta purlin system 
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Figure 8 Load displacement characteristics for Sigma purlin system 
for load cases (a) and (b) 
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Figure 9 Load displacement characteristics for Zed purlin system 
for load cases (c) and (d) 
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Load displacement characteristics for Zeta purlin system 
for load cases (c) and (d) 
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Figure 11 Load displacement characteristics for Sigma purlin system 
for load cases (c) and (d) 
Fig. 12: 
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Curling of the compression flange over the support at 'f 
(sigma purlin) 
Fig. 13: Buckling of the purlin e-f (sigma purlin) 

